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New Physics in b→ cτν: Impact of Polarisation Observables and Bc → τν
Marta Moscati∗
Institut fu¨r Theoretische Teilchenphysik (TTP),
Karlsruher Institut fu¨r Technologie (KIT), 76131 Karlsruhe, Germany
The experimental values of the lepton-flavour-universality tests R(D) and R(D∗) show a tension
of about 3.1σ with their Standard Model prediction. Motivated by this tension, we perform a fit of
the b→ cτν data. We consider one-particle scenarios imposing consecutive limits on BR(Bc → τντ ),
and analyse how these limits affect the fits. We include the polarisation observables available to date
and predict those that are still to be measured, and conclude that they have a high model-resolving
power. For each scenario we also predict R(Λc), observing that an enhancement of R(D(∗)) implies
an enhancement of R(Λc) in any scenario. We trace back this enhancement to a sum-rule valid
irrespective of the scenario used to fit R(D(∗)).
I. INTRODUCTION
The lepton-flavour-universality tests R(D(∗)) ≡
BR(B → D(∗)τν)/BR(B → D(∗)`ν), measured by
the BaBar, Belle and LHCb collaborations [1–10], are
in tension with the Standard Model (SM) prediction
with a combined difference of about 3.1σ. The average
of the measurements can be found in [11], and Figure 1
displays a summary plot. Data on the angular distri-
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FIG. 1: Summary plot of the measurements of R(D(∗)),
taken from [11].
bution of the final state particles in B → D∗τν are
also available from the Belle collaboration [5, 6, 12]
FL(D
∗) = Γ(B→D
∗
Lτν)
Γ(B→D∗τν)
= 0.60± 0.08± 0.035
Pτ (D
∗) = Γ(B→D
∗τλ=+1/2ν)−Γ(B→D∗τλ=−1/2ν)
Γ(B→D∗τν)
= −0.38± 0.51+0.21−0.16
(1)
In our analysis [13, 14] we fitted these data to sce-
narios of new physics (NP) in which a single heavy
∗Electronic address: marta.moscati@kit.edu
mediator contributes to the transition b→ cτν, with-
out contributing to the channels with a light lepton1.
II. NEW PHYSICS SCENARIOS
The contributions of a NP mediator with mass
above the B meson mass to b → cτν transitions, ex-
cluding the presence of light right-handed neutrinos,
can be parametrised in terms of an effective field the-
ory (EFT) as
Heff = 2
√
2GFVcb
[
(1 + CLV )O
L
V + C
R
S O
R
S
+CLSO
L
S + CTOT
]
,
(2)
with
OLV = (c¯γ
µPLb) (τ¯ γµPLντ ) ,
ORS = (c¯PRb) (τ¯PLντ ) ,
OLS = (c¯PLb) (τ¯PLντ ) ,
OT = (c¯σ
µνPLb) (τ¯σµνPLντ ) .
(3)
The 1 in the vectorial coupling represents the SM con-
tribution, while all the remaining Wilson coefficients
(WCs) encode only NP contributions.
The addition of a single NP particle to the SM can
only give rise to a restricted subset of combinations of
WCs. With the further assumption of real couplings,
the parameters to fit are at most two. We can hence
have the one-dimensional scenarios2:
• CLV : arising from the SU(2)L-singlet vector lep-
toquark (LQ) U1 [19–39], the scalar SU(2)L-
triplet and/or scalar SU(2)L-singlet LQ [40–48]
with left-handed couplings only, or in models
with left-handed W ′ bosons [49–52].
• CRS : arising from charged scalars or from the
SU(2)L-doublet vector LQ V2 [53, 54].
1 For an analysis of NP effects in b→ u`ν see [15].
2 For a discussion of the effects of a tensor coupling see [16–18].
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• CLS : arising from charged scalars in the hypoth-
esis of a mechanism making OLS the dominant
operator [55–64].
• CLS = 4CT : arising from the scalar SU(2)L-
doublet S2 (also called R2) LQ [65, 66]. Note
that the relation holds at the NP scale, and
gets modified by QCD and electroweak (EW)
renormalization-group (RG) effects [67, 68].
or the two-dimensional scenarios
• (CLV , CLS = −4CT ): arising from the SU(2)L-
singlet scalar LQ (S1). The relation C
L
S = −4CT
holds again at the NP scale and must be evolved
to the mB scale [68].
• (CRS , CLS ): arising from charged scalars.
• (CLV , CRS ): arising from vector LQs like the
SU(2)L-singlet LQ U1.
• (Re[CLS = 4CT ], Im[CLS = 4CT ]): as
pointed out in [66], the scenario CLS = 4CT is
able to reproduce the R(D(∗)) data only under
the assumption of complex couplings. For this
reason we also include it in the two-dimensional
fits, fitting separately the real and the imaginary
part.
III. CONSTRAINTS FROM BR(Bc → τντ )
The vector (CLV ) and pseudoscalar (CP = C
R
S −CLS )
couplings also mediate the decay Bc → τν [69, 70].
Although the branching ratio BR(Bc → τντ ) has
not been measured yet, the comparison between the
measured and SM-expected [71–75] Bc lifetime al-
lows to set an upper limit on BR(Bc → τντ ). This
approach was used in [70] to set an upper limit of
30%. This limit can be relaxed if one takes into ac-
count the uncertainties in the theoretical calculation
of the lifetime, originating from the large dependance
on mc and from the calculation methods applied,
namely heavy quark expansion and non-relativistic
QCD (NRQCD).
Furthermore, the authors of [76] set the upper limit
BR(Bc → τντ ) < 10% using LEP data from an ad-
mixture of Bc → τν and B− → τν and using the frag-
mentation functions ratio fc/fu measured at hadron
colliders, which have both different production mech-
anisms and different kinematics. Evaluating fc at the
Z peak with e+e− by means of NRQCD mildens the
constraint by a factor of 3 − 4. A more conservative
estimate would further take the theoretical uncertain-
ties into account.
In light of the above considerations, each NP sce-
nario is analysed under three different assumptions:
BR(Bc → τντ ) < 10, 30, 60%. These constraints are
imposed as a hard cut on the region of parameter
space allowed for the fit.
IV. FIT RESULTS
The results of the fits from [14] are displayed in Ta-
bles I, II. The subscript, where present, refers to the
limit on BR(Bc → τντ ). Its absence indicates that
the result does not change when changing the limit on
BR(Bc → τντ ). For each scenario we quote the good-
ness of fit in terms of p-value and the pull of the best-
fit point with the SM. The last six columns display
the values of the observables at the best-fit point. For
the measured ones (R(D) ,R(D∗) , FL(D∗), Pτ (D∗))
we also show the pull with respect to the experimental
value. The one- and two-σ intervals for the 1D fits are
displayed in Table I, while the same regions for the
2D fits are plotted in Figure 2. The purple regions
in scenarios (CLV , C
L
S = −4CT ), (CLV , CRS ), (Re[CLS =
4CT ], Im[C
L
S = 4CT ]) are excluded at 2σ by collider
bounds [77]. These constraints are displayed as a
dashed line for (CRS , C
L
S ), since a collider study of this
scenario requires a model-dependent analysis rather
than an EFT one.
Concerning BR(Bc → τντ ), the most striking re-
sult from Table II is that with a 60% limit, the sce-
nario (CRS , C
L
S ) is the one preferred by the current
experimental data. Its p-value diminishes drastically
as soon as we impose a more severe BR(Bc → τντ )
constraint. We conclude that a description of the
R(D(∗)) anomaly in terms of charged Higgs predicts
BR(Bc → τντ ) > 30%.
A. Correlations between observables and R(Λc)
sum rule
For the two dimensional scenario we also analysed
the correlation between the observables in the last six
columns of Table II. In order to do so, we projected
the two-sigma regions resulting from the fits with the
BR(Bc → τντ ) < 60% limit into planes having as
axes two out of the six observables. These plots are
displayed in Figures 3 and 4 and allow us to draw two
conclusions.
From Figure 3 we see that in planes in which one of
the axes is a polarisation observable, the sigma regions
of different scenarios separate clearly, hence indicat-
ing that these observables have a strong impact in
distinguishing among models. In particular, a closer
look at Table II reveals that the recent measurement
of FL(D
∗) favours the scenario (CRS , C
L
S ).
In Figure 4, instead, we see that the value of R(Λc)
predicted in models fittingR(D(∗)) is always increased
with respect to its SM prediction [78, 79]. This en-
TueE1615
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FIG. 2: 2σ regions of the 2D fit. [14]
hancement can be traced back to the sum rule
R(Λc)
RSM(Λc) ' 0.262
R(D)
RSM(D) + 0.738
R(D∗)
RSM(D∗) , (4)
which holds irrespective of the NP model consid-
ered, and that can be understood in the heavy-quark
limit. Substituting the current experimental averages
of R(D(∗)), we find
R(Λc) = 0.38± 0.01± 0.01 , (5)
where the first error arises from the experimental un-
certainty of R(D(∗)), while the second comes from the
form factors.
V. SUMMARY
Motivated by the R(D(∗)) anomaly, we updated the
fit of b→ cτν data, including the recent experimental
results from the Belle collaboration and restricting to
scenarios with a single additional mediator. We re-
vised the limit from BR(Bc → τντ ) and analysed its
impact on each of the scenarios. The fit allowed us to
appreciate the model-resolving power of polarisation
observables, and to conclude that if the origin of the
R(D(∗)) anomaly is new physics, we expect a value
of R(Λc) higher than the one predicted by the Stan-
dard Model, irrespective of which additional particle
mediates the decay.
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FIG. 3: Correlation plots among polarisation observables for the 2D fits [14]. The red star represents the Standard
Model prediction.
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TABLE I: Results of the fit with one-dimensional scenarios. [14]
1D hyp. best-fit 1σ range 2σ range p-value (%) pullSM R(D) R(D∗) FL(D∗) Pτ (D∗) Pτ (D) R(Λc)
CLV 0.07 [0.05, 0.09] [0.04, 0.11] 44 4.0
0.347
+0.2σ
0.292
−0.2σ
0.46
−1.6σ
−0.49
−0.2σ
0.32 0.38
CRS 0.09 [0.06, 0.11] [0.03, 0.14] 2.7 3.1
0.380
+1.4σ
0.260
−2.6σ
0.47
−1.5σ
−0.46
−0.1σ
0.46 0.36
CLS 0.07 [0.04, 0.10] [−0.00, 0.13] 0.26 2.1 0.364+0.8σ
0.250
−3.3σ
0.45
−1.7σ
−0.51
−0.2σ
0.44 0.35
CLS = 4CT −0.03 [−0.07, 0.01] [−0.11, 0.04] 0.04 0.7 0.278−2.1σ
0.263
−2.3σ
0.46
−1.6σ
−0.47
−0.2σ
0.27 0.33
TABLE II: Results of the fits with two-dimensional scenarios. [14]
2D hyp. best-fit p-value (%) pullSM R(D) R(D∗) FL(D∗) Pτ (D∗) Pτ (D) R(Λc)
(CLV , C
L
S = −4CT ) (0.10,−0.04) 29.8 3.6 0.333−0.2σ
0.297
+0.2σ
0.47
−1.5σ
−0.48
−0.2σ
0.25 0.38
(
CRS , C
L
S )
∣∣
60%
(0.29,−0.25)
(−0.16,−0.69) 75.7 3.9
0.338
0.1σ
0.297
+0.1σ
0.54
−0.7σ
−0.27
+0.2σ
0.39 0.38
(
CRS , C
L
S )
∣∣
30%
(0.21,−0.15)
(−0.26,−0.61) 30.9 3.6
0.353
+0.4σ
0.280
−1.1σ
0.51
−1.0σ
−0.35
0.0σ
0.42 0.37
(
CRS , C
L
S )
∣∣
10%
(0.11,−0.04)
(−0.37,−0.51) 2.6 2.9
0.366
+0.9σ
0.263
−2.3σ
0.48
−1.4σ
−0.44
−0.1σ
0.44 0.36
(CLV , C
R
S ) (0.08,−0.01) 26.6 3.6 0.343+0.1σ
0.294
−0.1σ
0.46
−1.6σ
−0.49
−0.2σ
0.31 0.38
(Re[CLS = 4CT ], Im[C
L
S = 4CT ])
∣∣
60,30%
(−0.06,±0.31) 25.0 3.6 0.339
0.0σ
0.295
0.0 σ
0.45
−1.7σ
−0.41
−0.1σ
0.41 0.38
(Re[CLS = 4CT ], Im[C
L
S = 4CT ])
∣∣
10%
(−0.03,±0.24) 5.9 3.2 0.330−0.3σ
0.275
−1.4σ
0.46
−1.6σ
−0.45
−0.1σ
0.38 0.36
TueE1615
